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has been experimentally deter
1. Introduction
The determination of forced convection heat transfer coefﬁcient
for ﬂow of liquids such as water, ethylene glycol and oils have
gained importance due to their diverse applications in the transfer
of thermal energy. The analysis of such systems with single phase
ﬂuids for the estimation of heat transfer coefﬁcients has been
undertaken for a wide range of parameters and operating condi-
tions. However, the performance of these equipment with conven-
tional ﬂuids in transferring heat has reached extremes. Studies for
developing new thermal ﬂuids for enhanced heat transfer capabil-
ity have been initiated.
Enhancements in heat transfer coefﬁcients lead to miniaturiza-
tion of thermal equipment which has become important due to
globalization. Various active and passive techniques for the aug-
mentation of heat transfer have been suggested by Ahuja [1] and
Bergles [2]. One such passive method of achieving heat transfer
enhancement has been initiated with the dispersion of micron
sized solid particles in a base ﬂuid such as water. Since the thermal
conductivity of a metal is many orders of magnitude highe
the liquid, the effective thermal conductivity is enhanced, l
to greater heat transfer coefﬁcients. However, the addition
cron sized particles in liquids heightened practical probl
clogging, erosion of pipe lines associated with high pumping
requirement. Further, agglomeration and resettlement of p
posed a severe maintenance problem. Recent studies w
nanometer size particles proved effective in achieving heat t
augmentation without any substantial increase in pumping
requirements and other practical problems. Further, the nan
promised good rheological properties, better stability and
thermal conductivity.
Initial studies on the effect of dispersing nanosize part
Al2O3, SiO2 and TiO2 in water is due to Masuda et al. [3
determined thermal conductivity and viscosity of the nan
at different temperatures and particle concentrations. Th
served an increase of 30% and 10% in the values of effective t
conductivity of Al2O3 and TiO2 nanoﬂuid respectively at 4.0%
cle concentration at a temperature of 67 C. However, SiO2
ﬂuid at 1.0% particle concentration showed an enhancem
1.0% in thermal conductivity. Reviews on the thermo p
properties of nanoﬂuids and convective heat transfer coef
have been presented by Kakaç and Pramuanjaroenkij [4], W
Zhou [5], Mahian et al. [6], Duangthongsuk and Wongwi
and Wang and Mujumdar [8].
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nd friction factor with SiO2/water nanoﬂuid up to 4% particle volume con-
ﬂow in a circular tube under constant heat ﬂux boundary condition. Exper-
eynolds number range of 5000–27,000 at a bulk temperature of 30 C. The
actor at 3.0% nanoﬂuid particle concentration is respectively greater than
and 17.1%. The pressure drop increases with particle concentration up to
The nanoﬂuid friction factor decreases with increase in Reynolds number
icle concentration at which SiO2 nanoﬂuid gives maximum heat transfer
mined.
 2013 Elsevier Inc. All rights reserved.
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